Fluid management during video-assisted thoracoscopic surgery for lung resection: A randomized, controlled trial of effects on urinary output and postoperative renal function  by Matot, Idit et al.
Matot et al Perioperative ManagementFluid management during video-assisted thoracoscopic surgery for
lung resection: A randomized, controlled trial of effects on urinary
output and postoperative renal functionIdit Matot, MD,a Elia Dery, MSc,a Yuri Bulgov, MD,a Barak Cohen, MD,a Joseph Paz, MD,b and
Nachum Nesher, MDbFrom th
racic
Disclos
Receive
publi
Address
sive
iditm
0022-52
Copyrig
http://dxBackground: Increased perioperative fluid administration is an independent risk factor for lung injury after pul-
monary resection. In clinical practice, fluid therapy is heavily guided by urinary output; however, diuretic re-
sponse to plasma volume expansion has been reported to be blunted during anesthesia and surgery. We
therefore hypothesized that in patients undergoing video-assisted thoracoscopic surgery, different regimens
of intraoperative fluid management would not affect urinary output as would be expected in the nonsurgical sce-
nario. Moreover, a restrictive perioperative fluid approach, as indicated in these operations, will not harm renal
function.
Methods: One hundred two patients undergoing video-assisted thoracoscopic surgery were randomly allocated
to receive intraoperatively either high (8 mL/[kg $ h]; n¼ 51) or low (2mL/[kg $ h]; n¼ 51) amounts of Ringer’s
lactate solution. The primary end point was intraoperative urinary output. Secondary end points included post-
operative creatinine serum levels and postoperative complication rate.
Results: Demographic and surgical data were comparable between groups. Regardless of the intraoperatively
fluids administered (mean  SD, 2131  850 vs 1035  652 mL in high and low groups, respectively;
P<.0001), urinary output was similar (median 300 mL). Perioperative creatinine serum levels decreased sig-
nificantly postoperatively and were not significantly different among the groups.
Conclusions: In patients undergoing video-assisted thoracoscopic surgery, intraoperative urinary output and
postoperative renal function are not affected by administration of fluids in the range of 2 to 8 mL/(kg $ h).
The clinical practice of administering fluids to enhance diuresis in the perioperative period should therefore
be abandoned. (J Thorac Cardiovasc Surg 2013;146:461-6)Excessive perioperative fluid administration has been
shown to promote postoperative lung injury after pulmo-
nary resection.1-7 It is therefore recommended to limit
the volume of infused crystalloids in these operations. A
recent survey of current hemodynamic management
practices among patients undergoing surgery in Europe
and in the United States reported urinary output as one of
the most widely used indications for volume expansion in
the perioperative period.8 Intraoperative low diuresis often
initiates several actions, among them the administration of
intravenous fluids. Several recent studies, though, have sug-
gested that renal clearance of crystalloid fluid during gen-
eral anesthesia and surgery is only 15% to 20% of that
found in conscious volunteers.9-11e Departments of Anesthesiology, Pain, and Intensive Carea and Cardiotho-
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The Journal of Thoracic and CaWe therefore performed a randomized control trial of
high versus low-volume intraoperative fluid management
in patients undergoing video-assisted thoracoscopic surgery
(VATS) for lung resection. We hypothesized that in this pa-
tient population, different regimens of intraoperative fluid
protocols (low and high volume approach) would not affect
urinary output or perioperative renal function. If data from
this study suggest that urinary output during VATS is unre-
sponsive to fluid administration, then the routine adminis-
tration of more fluids to enhance diuresis during these
operations should be reevaluated.P
MMATERIALS AND METHODS
Study Population
This study was approved by the local ethics committee of Tel AvivMed-
ical Center, Tel Aviv, Israel (approval 0502-08; trial registry at http://
clinicaltrials.gov NCT00854386) and written, informed consent was ob-
tained from all patients. From December 2010 until May 2012, successive
adult patients with an American Society of Anesthesiologists (ASA) phys-
ical status of 1 through 3 who were undergoing elective VATS were pro-
spectively studied. Patients were considered eligible if they were older
than 18 years and were scheduled to undergo multiple (2 segments) thor-
acoscopic segmentectomy or lobectomy. Excluded from the study were pa-
tients younger than 18 years, patients with renal dysfunction (creatinine
>50% upper limit of reference range, which is 1.3 mg/dL for men and
1.1 mg/dL for women), and patients with congestive heart failure (previousrdiovascular Surgery c Volume 146, Number 2 461
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ASA ¼ American Society of Anesthesiologists
RL ¼ Ringer’s lactate solution
POD ¼ postoperative day
VATS ¼ video-assisted thoracoscopic surgery
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Mhistory of pulmonary edema as defined by clinical and radiologic signs that
required a change in medication involving at minimum treatment with di-
uretic drugs). After informed consent was obtained, patients were ran-
domly assigned to a high- or low-volume protocol group with an online
randomization software tool.
Study Design and Treatments
Operative technique. All procedures were performed by 1 of 2 ded-
icated general thoracic surgeons (J.P., N.N.). The patients were placed in
the lateral decubitus position as for thoracotomy. The procedures were per-
formed with patients under general anesthesia with single-lung ventilation
through a double-lumen endotracheal tube. The surgeon was positioned on
the anterior side of the patient. All procedures were conducted under video-
scopic vision, without direct vision or rib spreading. Three incisions were
used in each patient. The first port was the inferior camera port located at
the seventh or eighth intercostal space, through which a 30 thoracoscope
was positioned. The anterior port was usually in the fourth or fifth intercos-
tal space. The third port was usually in the sixth intercostal space in the pos-
terior axillary line. The individual vascular and bronchial structures were
divided with an endoscopic stapling device. A single chest tube was in-
serted at the lower port site at the end of the procedure. Conversion to tho-
racotomywas at the discretion of the attending surgeon. Overall, therewere
7 conversions to open thoracotomy, 3 in the low-volume group and 4 in the
high-volume group, because of large tumors (n¼ 3), interference of lymph
nodes (n¼ 3), and bleeding (n¼ 1). These patients were not included in the
final data. Patients were generally extubated in the operating room and
transferred to the surgical intensive care unit.
Intraoperative fluid management. Patients in the low-volume
group received 2 mL/(kg $ h) of Ringer’s lactate solution (RL) throughout
the intraoperative period, whereas patients in the high-volume group
received 8 mL/(kg $ h) of RL. No additional boluses of fluid were admin-
istered before skin incision, and all hemodynamic changes during this pe-
riod were treated pharmacologically. Intraoperative fluid treatment of low
blood pressure (<90 or>20% below baseline) in both groups was guided
by a fluid algorithm (Figure 1). Generally, fluid boluses (250 mL RL) were
administered when low blood pressure was encountered on 2 consecutive
measurements. Additional boluses of RL were administered to a maximum
of 1000 mL. Patients were reassessed after each fluid challenge for 5 min-
utes to determine whether target hemodynamic values were achieved. If
blood pressure did not improve after 4 consecutive boluses, a pharmaco-
logic circulatory support was used. The fluid regimen was continued until
admission to the surgical intensive care unit, where departmental routines
ensued. Management of surgical hemorrhage in both groups was done
according to a preset algorithm (Figure 1). Blood products were transfused
according to the ASA practice guidelines transfusion protocol.11
Operative time, urinary output, and doses of drugs (vasopressors) given
during the surgical procedure were recorded.
Postoperative management. In the postoperative period, depart-
mental routines guided fluid therapy. Postoperative follow-up included re-
cording of the volumes of crystalloids administered intravenously in
postoperative days (PODs) 1 through 3 and the units of blood and blood
products (if given) until hospital discharge. Oxygen saturation, hematocrit,
electrolytes, blood urea, and creatinine serum concentrations were also
measured on PODs 1 through 3 and before discharge. All measurements462 The Journal of Thoracic and Cardiovascular Surgwere made in the morning. Additional blood tests, electrocardiography,
and measurements of cardiac enzymes were performed as clinically indi-
cated. After the operation, all patients were examined and interviewed
daily. Complications detected by the examining physician, who was not
aware of the patient’s group assignment, were recorded. Duration of hospi-
tal stay was recorded.
Outcome Measurements
The primary end point was intraoperative urinary output. Secondary end
points were serum creatinine concentrations on PODs 1 through 3 and the
number of complications (postoperativemortality, pulmonary complications
[pneumonia, atelectasis, acute respiratory distress syndrome, pulmonary em-
bolism], cardiac complications [arrhythmias, myocardial infarction, pulmo-
nary edema], cerebral complications [stroke, transient ischemic attack], renal
complications [renal dysfunction defined as creatinine>50% upper limit of
normal values], infectious complications [sepsis, urinary tract infections,
wound infection], surgical complications [protracted or major air leak,
hemothorax]). Clinical data were collected and analyzed by bedside
clinicians and investigators (E.D., B.C., Y.B.) blinded to patients’ group
assignment.
Statistical Analysis
Categoric data were analyzed with the c2 test or Fisher exact test. Dif-
ferences between the means and medians of the groups were compared
with the Student t test and theMann-Whitney test, respectively. Data within
each group were analyzed with analysis of variance for repeated measure-
ments. When appropriate, post hoc analyses were performed with the
Tukey test. Exact confidence intervals were computed for the overall rate
of complications. Analysis was performed with Statistical Analysis System
software (version 6.12; SAS Institute, Cary, NC). Results are expressed as
mean  SD or median and range. A minimum sample size of 78 patients
was calculated to detect a difference of 40 mL between the groups in pri-
mary outcome (intraoperative urinary output), with a power of 80%,
assuming an SD of 120 mL and a 2-sided P value of .05.
RESULTS
Study Population
Patient disposition is shown in Figure 2. A total of 102
eligible patients who were randomly allocated to either
low- or high-volume intraoperative fluid management (51
in each group) received the intervention and completed
the study. The groups were similar in age, sex, body weight,
and ASA score. Patient characteristics are summarized in
Table 1. There was no difference between the 2 surgeons
with respect to their treatment of the groups.
Surgical data are listed in Table 2. Eighty-one percent of
study patients underwent VAT lobectomy. The majority of
these underwent VATS right lobectomy (51 of 83 lobecto-
mies; 61%). Duration of surgery was not significantly dif-
ferent between the groups. In addition, the volumes of
surgical bleeding were similar. Intraoperatively, none of
the patients required blood or blood product transfusion.
Tracheal extubation was accomplished for all patients
before arrival at the intensive care unit.
Outcomes
Primary outcome. Significantly (P< .0001) more fluids
were administered intraoperatively to patients in the
high-volume comparedwith the low-volume protocol groupery c August 2013
FIGURE 1. Algorithm for intraoperative fluid and blood administration. BP, Blood pressure; IV, intravenous; RL, Ringer’s lactate solution; ASA, American
Society of Anesthesiologists; HCT, hematocrit; CAD, coronary artery disease.
Matot et al Perioperative Management(2131  850 mL vs 1035  652 mL, respectively,
P<.0001). Regardless of the amount of fluids administered
intraoperatively (approximately twice as much in the high-FIGURE 2. Trial profile. HG, High-vol
The Journal of Thoracic and Cavolume group), urinary output was not significantly differ-
ent between the groups, with a median of 300 mL in both
groups (high-volume group 371  241 mL, low-volumeume group; LG, low-volume group.
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TABLE 1. Patient characteristics
Group
High volume
(n ¼ 51)
Low volume
(n ¼ 51) P value
Sex (male/female ratio) 26:25 21:30 .32
Age (y, mean  SD) 64  10 65  11 .70
Weight (kg, mean  SD) 75  16 75  15 .93
ASA 1/2/3* 0:30:21 2:31:18 .35
Hyperlipidemia 25 (49%) 20 (39%) .32
Hypertension 26 (51%) 22 (43%) .43
Ischemic heart disease 10 (20%) 4 (8%) .08
Diabetes 14 (27%) 7 (14%) .87
Pulmonary disease 15 (29%) 13 (25%) .66
b-Blocker treatment 13 (25%) 10 (20%) .48
Values are number of patients with percentage unless otherwise specified. There were
no significant differences between the groups. ASA, American Society of Anesthesi-
ologists; SD, standard deviation. *Breakdown of patients in American Society of
Anesthesiologists classes 1, 2, and 3.
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Mgroup 352 215 mL; P>.05; Table 2). Significant numbers
of patients in both groups (36% and 54% of the patients in
the high-volume group and the low-volume group, respec-
tively P ¼ .1) had intraoperative urinary output lower
than 1.0 mL/(kg $ h).
The mean volume of postoperative fluids administered
was similar between the groups (data not shown).
Secondary and other outcomes. Creatinine serum levels.
Preoperative as well as postoperative (PODs 1 and 3) creat-
inine serum levels were similar between the groupsTABLE 2. Operative data
Group
High volume
(n ¼ 51)
Low volume
(n ¼ 51)
P
value
VATS procedures
Right VATS 31 (61%) 28 (55%) .55
Right segmentectomy 6 (12%) 2 (4%)
Right lobectomy 25 (49%) 26 (51%)
Left VATS 20 (39%) 23 (45%) .55
Left segmentectomy 5 (10%) 6 (12%)
Left lobectomy 15 (29%) 17 (33%)
Intraoperative data
Duration of surgery
including anesthesia
(min, mean  SD)
233  70 230  82 .81
Total fluid administered
(mL, mean  SD)
2131  850 1035  652 <.0001
Blood loss (mL,
mean  SD)
229  153 217  200 .87
Patients receiving blood
transfusion
0 0
Patients receiving blood
products
0 0
Intraoperative urinary
output (mL, median and
range)
300 (70-1100) 300 (20-900) .08
Values are number of patients with percentage except as marked. VATS, Video-
assisted thoracoscopic surgery; SD, standard deviation.
464 The Journal of Thoracic and Cardiovascular Surg(Figure 3). Creatinine serum levels were significantly lower
on PODs 1 and 3 than were baseline values in both groups.
None of the patients had renal dysfunction during hospital-
ization. Patients who had low urinary output (<1.0 mL/[kg $
h]), regardless of group assignment (high- or low-volume
fluid management group), had similar creatinine values at
all time points relative to patients who had more than 1.0
mL/[kg $ h] of urinary volume. Among those with a urinary
output lower than 1.0 mL/(kg $ h), creatinine levels were
1.03 0.17, 1.00 0.23, and 0.97 0.17 mg/dL at baselineFIGURE 3. Perioperative (day before surgery [Preop] and postoperative
day [POD] 1, 2, or 3) laboratory and oxygen saturation data: serum concen-
tration of creatinine, hematocrit, and oxygen saturation by pulse oximetry
(SpO2). LG, Low-volume group;HG, high-volume group.Asterisk indicates
P< .0001 compared with preoperative value; double asterisk indicates
P<.0001 compared with postoperative day 1.
ery c August 2013
Matot et al Perioperative Managementand on PODs 1 and 3, respectively; among those with a uri-
nary output greater than 1.0 mL/(kg $ h), creatinine levels
were 1.04  0.19, 1.00  0.15, and 0.97  0.22 mg/dL at
baseline and on PODs 1 and 3, respectively.
Complications. Eighteen major complications were diag-
nosed postoperatively, 9 in each group (Table 3). One
patient from the high-volume group died on POD 4. This
was a 66-year-old woman who was found dead in her bed
at 5 AM, half an hour after a routine vital signs checkup
that showed no abnormal parameters. Her medical history
included hypertension, dyslipidemia, and severe chronic
obstructive pulmonary disease related to heavy smoking.
She underwent a left lobectomy, and her surgery and recov-
ery were uneventful until her sudden death.
Cardiac arrhythmia was the most common cardiac class
of complication, observed in 4 patients (4%). Atelectasis
was the most common pulmonary complication, occurring
in 3 patients (3%). Seven patients (7%) had a significant
air leak after resection.
Laboratory data. In the immediate postoperative period
(PODs 1 and 3), hematocrit concentration decreased signif-
icantly (P< .001) in both groups and was not different
between the groups. Postoperative oxygen saturation
decreased significantly on POD 1, with a further decrease
on POD 3. Values were not different between groups at
all time points (Figure 3).
Postoperative course. The time until the patient resumed
drinking and consumed soft food was also not significantly
different between the groups (data not shown). Duration of
hospital stay was not significantly different between groups:
5.5  3.4 days and 5.8  2.7 days in the high- and low-
volume groups, respectively.DISCUSSION
One of the risk factors for pulmonary complications after
lung resection is excessive perioperative fluid administra-
tion. This association between increased fluid administration
and postoperative lung injury, which was originally reportedTABLE 3. Postoperative major complications and death
Complication High volume Low volume
Cardiac
Atrial fibrillation 2 2
Pulmonary edema 1 0
Pulmonary
Atelectasis 1 2
Pneumonia 1 0
Pulmonary embolism 1 0
Surgical
Prolonged air leakage 3 4
Hemothorax 0 1
Death 1 0
Combined complications and death* 10 (19.6%) 9 (17.6%)
All data represent number of patients. *P ¼ .8.
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Mby Zeldin and colleagues,1 has been validated inmuch larger
studies.2-7 A meticulous approach to fluid therapy is
therefore endorsed by all clinicians.
Perioperative fluid administration is dictated by several
parameters. A recent survey with the ASA and the European
Society of Anesthesiologists by Cannesson and coworkers8
assessed current hemodynamic management practices for
patients undergoing surgery. Cannesson and coworkers8
found that urinary output was among the most widely
used indicators for volume expansion, with 83% of the
ASA respondents and 77% of the European Society of
Anesthesiologists respondents reporting that they adminis-
tered fluids in response to reduced urinary output. Indeed,
intraoperative low diuresis often initiates several actions
by the treating physician, among them the administration
of intravenous fluids.
We evaluated the effect of intraoperative fluid manage-
ment on urinary output in patients undergoing elective
VATS for lung resection. Our randomized, controlled trial
revealed that the amount of fluid administered intraopera-
tively, in the range of 2 to 8 mL/(kg $ h), had no signifi-
cant effect on urinary output; that is, there was no
association between increased fluid volume administration
and augmented urinary output. The study also demon-
strated that regardless of the amount of fluid administered,
reduced intraoperative urinary output (<1 mL/[kg $ h])
could occur but was not associated with postoperative re-
nal dysfunction. This suggests that limiting the total vol-
ume of crystalloid administered, as indicated in VATS,
can be tolerated.
Recently, in a comprehensive review, Hahn9 summarized
his and others’ work regarding fluid kinetics in the conscious
patient versus the anesthetized patient.With a volume kinetics
method for analyzing and simulating the distributionandelim-
inationof infusionfluids, he showed that the clearanceoffluids
during general anesthesia is only a small fraction (15%-20%)
of that observed in conscious volunteers.11-13 Clearance of
infused fluids is even lower during laparoscopy.10,14 Only
a limited volume of urine is thus produced, regardless of
how much fluid is given. The cause for the blunted diuretic
response to plasma volume expansion during anesthesia and
surgery is poorly understood but probably is related to
vasodilatation, hypotension, preoperative psychologic stress
or dehydration, and activation of the renin–aldosterone
hormonal axis. Further studies focusing on interventions that
will result in better matching of urinary excretion and fluid
load are needed. One such study that has already been
done15 reported better fluid clearance of infused fluids
with the intraoperative use of agents (esmolol, a b1-receptor
blocker, and phenylephrine, an a1-adrenergic agonist) that
manipulate the renin-angiotensin-aldosterone system and the
adrenergic system, which are activated during anesthesia.16
Prerenal acute tubular necrosis has long been thought to be
a prominent cause of postoperative renal dysfunction.17 Asrdiovascular Surgery c Volume 146, Number 2 465
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renal blood flow by a variety of strategies, one of which is in-
travenous hydration. Intraoperative urinary output is there-
fore watched closely as a measure of success with this
goal.18 Data from this study, however, show that reduced in-
traoperative urinary output is not associated with clinically
relevant renal dysfunction. This finding is in agreement
with previous studies in obese patients undergoing bariatric
surgery, in whom intraoperative oliguria was not associated
with perioperative increase in serum creatinine level.19,20
Some of the causes for oliguria in laparoscopic bariatric
surgery are unique to that operation (direct pressure effect
of pneumoperitoneum on the renal vasculature, resulting in
reduced renal blood flow), however, and therefore may not
be relevant to our patients undergoing VATS. Others have
evaluated risk factors for postoperative acute renal failure
in a larger patient population. In a comprehensive study21
of patients with previously normal renal function undergoing
major noncardiac surgery, Kheterpal and associates21 could
not confirm the assumption that reduced intraoperative
urinary output predicts future renal failure.
Previous studies in patients undergoing open thoracot-
omy for lung resection showed increased perioperative fluid
administration to be an independent risk factor associated
with lung injury.1-7 Ours is the first study to evaluate fluid
management during VATS. The data demonstrate that, at
least in the range of fluids evaluated, complication rate is
not significantly different between the high- and low-
volume groups. This could be explained by an inadequate
sample size, because complication rate was a secondary
end point, and by the inclusion of patients undergoing resec-
tion of relatively small parts of the lungs (segmentectomy,
in contrast to pneumonectomy and lobectomy), where
lung injury is less likely to occur. A larger study is therefore
warranted to confirm whether patients undergoing VATS
are more tolerant of fluid load.
This study has several limitations. The study was not con-
ducted in a totally blinded fashion. The anesthesiologist
treating the patient during the intraoperative period was
not blinded to the patient’s group assignment; however,
the indications for additional fluid administration were stan-
dardized. Moreover, postoperative adverse outcomes were
detected by the examining physician, who was not aware
of the patient’s assignment. Another limitation is that our
study evaluated only 2 volumes of fluids.
In conclusion, this study in patients undergoing VATS
offers further evidence that monitoring of urinary output
is ineffective at indicating fluid status during anesthesia
and surgery; urinary excretion simply increases little,
despite the presence of a surplus of intravascular fluid.
Because patients undergoing VATS are susceptible to466 The Journal of Thoracic and Cardiovascular Surgintraoperative fluid overload, these data suggest that fluid
management during VATS should not be guided by urinary
volume as practiced in nonoperative scenarios.
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